Introduction
Epilepsy has a multitude effect on the child development. Epilepsy occurs in approximately 0.5% to 1% of the population. The incidence is highest in children younger than three year of age. Severity of epilepsy plays a major role in affecting quality of life of these children apart from primary illness (Singhi, 2010).
Epilepsy has neurological origin and alters the neurophysiologic mechanism, which consequently affects the motor and sensory processing of the environmental inputs. Motor involvements include tonic clonic posturing of limb and sensory involvement can range from altered sensorium to having sensory registration and discriminatory dysfunction.
Based on sensory integrative theory (Ayres, 1972) , the sensory process of input received by sensory system such as tactile, visual, and kinesthesia provides base for emergence of body scheme, which in turn contributes for the perceptual and behavioral development. Jean Ayres (1979) emphasizes that the higher abilities such as organization and regulation of behavior is direct consequences of sensory integration ability of nervous system. There is interplay between poor sensory processing and behavioral dysfunction (Bundy, 2002) .
Epilepsy because of its neurological origin may arise due to defect in single or multiple location involving cortical and sub cortical areas in brain. It is assumed that sensory integration function primarily to occur at sub-cortical or brain stem level. The areas attributed for sensory integration processing are brain stem, thalamus, vestibular nuclei and their inter connections, reticular formation, cerebellum, limbic system, temporal and parietal lobe. The role of cortex is related to praxis abilities, which are direct consequences of normal sensory integration occurring at lower system (Bundy, Lane & Murray, 2002) .Consequently, we assume that epileptogenic focus involving in any of these areas can interfere with sensory processing and integration abilities in these children.
Need for the Study
Various authors (Rutter et al., 1979; Austin et al., 1992) have studied behavioral problem in children with epilepsy. However defect in sensory registration and modulation has not well documented in children with epilepsy. Therefore, the purpose of this research is to study the sensory responsivity pattern of children with epilepsy and compare it in children with the typical development and global developmental delay.
Review of Literature
The areas reviewed are as follows: 1) Behavioral problems in epilepsy 2) Evidence supporting Dunn model of sensory processing
Epilepsy and associated behavioral problems
Epilepsy has neurological origin and is assumed to reflect behavior and cognitive impairments in children. Seizure onset before one year of age is common, and is reported in over 60 % of cases. Developmental delay is one of the common manifestations for children with epilepsy. Developmental delay may arise due to epilepsy or may be an associated finding with epilepsy. Children with early onset and high seizure frequency are at a higher risk of developing behavioral disorders. It has been postulated that children with epilepsy have more behavioral problems when compared to children without epilepsy having similar IQ (Oostrom et al., 2003) . Social and behavioral impairment like temper tantrums, stubbornness, easy distractibility, are common and can be present in spite of normal intelligence (Buelow et al., 2003 Based on data from more than 1000 children with and without disabilities, Dunn hypothesized that there is a relationship between a person's nervous system operations and self-regulation strategies, and the interaction of these functions creates four basic patterns of sensory processing i.e. low registration, sensation seeking, sensation avoiding and sensory sensitivity (Dunn and Brown, 1997).
Evidence supporting Dunn's model of sensory processing
Over the last decade, researchers have tested the validity and reliability of Dunn's Models of sensory processing of children and adults with and without disabilities across the life span using three age-appropriate questionnaires (The Infant/Toddler Sensory Profile, Sensory Profile, and Adolescent/Adult Sensory Profile). In a pilot study evaluating the performance of children without disability on the sensory profile , Dunn (1994) found that majority of the items (67 out of 99 items) were uncommon behaviors for children without disabilities, suggesting that these items may be useful for identifying difficulties among children with various disabilities.
Ermer and Dunn (1997) in their study used sensory profile tool to study the performance of children with and without disability. They divided the study population into three groups (children with autism, children with ADHD, and children without disabilities). They identified 46 items and 4 factors of discrimination on the sensory profile among children with autism spectrum disorders, children with attention deficit hyperactive disorder and children without disabilities. The authors concluded that the sensory profile was an effective tool for discriminating children with and without disability.
Watling et al. (2000) studied the sensory-based behaviors of young children with autism and without autism on the sensory profile. Parents of children with and without autism completed sensory profile questionnaire. Result showed that performance of the children with autism was different from that of children without autism on eight of 10 factors. They suggested that sensory profile is able to measure sensory processing deficits in young children with autism. Prakash & Vaishampayan (2007) in their study compared the sensory processing abilities of children with cerebral palsy and typical children on sensory the sensory profile.
Results showed that 40 out of 125 items and 7 of 14 components were different between the children with cerebral palsy and typical children. They suggested that sensory profile is useful to discriminate between children with cerebral palsy and typical children and can identify the presence of sensory processing problems in children with cerebral palsy.
The clinical condition seen by occupational therapist constitutes children with epilepsy as a major potion. Furthermore, they seem to present with lot of sensory issues akin to other childhood disorders in whom sensory problems are represented. However, sensory responsivity patterns of children with epilepsy are not explored. In fact, they constitute the exclusion criteria for many studies (Kientz & Dunn, 1996 Therefore, the study is planned to explore the sensory responsivity pattern of children with epilepsy disorder. 2) How is the responsivity pattern between groups on the sensory profile items?
Aim of the study
To determine whether the sensory profile can discriminates children with epilepsy from children who are typically developing.
Hypothesis
Children with epilepsy differ from the typical children and children with global developmental delay on infant toddler sensory profile.
Methodology

Study design
Cross sectional descriptive study design with convenient sampling method.
Participants
Total 120 participants between the age group 7 to 36 months were included in the study. The experimental group comprised of thirty children with an established diagnosis of epilepsy, referred to occupational therapy department. The other two groups comprised of thirty children with developmental delay and sixty typical children aged 7months to 36 months. Children were considered -typical‖ when not taking medication and not receiving any special services. Typical children were recruited from a day care centre or crèche.
Inclusion criteria
1) Children with epilepsy.
2) Children with developmental delay.
3) Age group ≤ 3 year. 4) Children with no medical illness in recent past, which might have affected their mood or behavior.
Exclusion criteria
1) Medical conditions like autism, ADHD, children with restricted, repetitive and stereotyped behaviors, cerebral palsy. 2) Deaf and blind child.
Variables
Dependent: Score obtained on the infant toddler sensory profile questionnaire Independent: Age
Instrumentation
The integrity of sensory integration mechanism is assessed by studying the adaptive responses to challenges (Ayres, 1972) or by obtaining the sensory responsivity patterns to a variety of commonly occurring sensory experience in everyday life (Dunn, 2004) . Sensory profile is one of the commonest tools, used to identify sensory modulation disorder in children because of poor sensory integration mechanism. The Infant Toddler Sensory Profile (Dunn, 2002) measures sensory processing skills among infants and toddlers. It highlights the sensory processing strengths and barriers in relation to daily childhood occupations. The caregiver questionnaire contains two versions of the questions, one version for children aged birth to six month and another version for children aged seven to thirty six months. The birth to six months questionnaire consists thirty-six items related to general, auditory, visual, tactile, and vestibular processing. The seven to thirty six months questionnaire consists forty-eight items in the above five categories plus oral sensory processing. The parents or caregiver rates each item on a 5-point likert scale for the frequency of the behavior that occurs in the home or community environment. The frequencies of the behaviors are scored as: always, frequently, occasionally, seldom, and never. Behavior that occurs as 100% of the time are described as always and scored as 1, whereas behaviors seen as never or 0% of the time are scored as 5.
For each sensory processing sections (i.e., general processing, auditory processing, visual processing, vestibular processing, tactile processing, and oral sensory processing) raw scores are calculated. These scores are further grouped into four quadrant scores: Low Registration, Sensation Seeking, Sensory Sensitivity, and sensation avoiding. A low threshold score is calculated by summing sensitivity and avoiding quadrant scores. Lower score indicate a higher frequency of response.
Infant/Toddler Sensory Profile is sensitive enough to differentiate sensory processing difficulties in children with disability from their typically developing peers. Internal reliability for the Infant/Toddler Sensory Profile ranged from 0.42 to 0.86. In addition, test-retest reliability analyses yielded a correlation coefficient of .86 for section scores and .74 for quadrant scores, indicating that the Infant/Toddler SP has an acceptable degree of stability over time (Dunn 2002 ).
Procedure
All the parents participated in the study voluntarily. Thirty children diagnosed with epilepsy and global developmental delay, thirty children with global developmental delay and sixty typical children between the age group of seven-thirty six months were included for the study. Demographic details of the child like the name, age sex, developmental history, EEG findings and information about the seizure variables like the type of epilepsy, duration of illness, frequency of epilepsy and medications taken were collected.
After explaining the study to the parents, consent forms and infant toddler sensory profile caregiver questionnaire were given (The material are shown in the photograph no.1and an example is given in appendix-B). Parents were allowed to complete the forms at their convenience. The prime investigator clarified the queries faced by the parents in filling up the questionnaire. The completed profiles were collected from the parents and scoring was done according to the frequency of response of the child. 
Scoring
Scoring was done as per the manual instructions of infant toddler sensory profile. The parents responded the questionnaire in one of the following categories such as always, frequently, occasionally, seldom and never. These were awarded scores based on a five point likert scale. The score of one indicated that the behavior occurs always or 100% of the time and score of five indicated never or 0% of time.
Score Frequency of behavior 1 Always: when presented with the opportunity the child responds in the manner described every time or 100% of the time 2 Frequently or 75% of the time 3 Occasionally or 50% of the time 4 Seldom or 25%of the time 5 Never: when presented with the opportunity, the child never responds in the manner of 0% of the time Raw score of sensory processing section was determined by adding the item scores for each section. Raw scores of quadrant grid was calculated by transferring the item raw scores from the caregiver questionnaire to the corresponding item number on the quadrant grid. Adding the raw score column for each quadrant, quadrant raw score total was calculated. The child's score for each quadrant and sensory processing section was transferred to the corresponding quadrant raw score total and section raw score total. Quadrant and section raw score total was plotted in the appropriate classification column, (Typical performance, Probable difference, or Definite difference) according to the appropriate age band for each quadrant and section.
Data analysis
Descriptive analysis of the total data set was completed for the children with global developmental delay (n=30), children with epilepsy and global developmental delay (n=30) and typical children (n=60) to identify the distribution of response on each item on the Infant Toddler Sensory Profile. The Chi -square tests were computed to observe the difference in the performance of typical children, children with global developmental delay and children epilepsy in the five sensory processing sections (auditory, visual, tactile, vestibular and oral sensory). Differences in the scores obtained on the four quadrants (Low registration, sensation seeking, sensory sensitivity and sensation avoiding) were also analyzed by chi-square test. SPSS version 16.0 was used to conduct the analysis.
Results
Sample characteristics
Total 120 children (60 typical, 30 global developmental delay and 30 children with epilepsy and global developmental delay) met the inclusion criteria and were enrolled in the study. The summary of demographic characteristics of participants is listed in table 1. four quadrants (low registration, sensory seeking, sensory sensitivity and sensation avoiding) is listed in Table 3 . To determine whether any difference in the performance of typical children, children with global developmental delay (GDD) & children with epilepsy was present on sensory processing sections (general processing, auditory processing, visual processing, tactile processing vestibular processing and oral sensory processing) and quadrants, Pearson chisquare was conducted.
typical children, children with global developmental delay (GDD) and children with epilepsy and global developmental delay in sensory processing sections
Typical (N=60) GDD (N=30) Epilepsy ( N=30) T.P P.D D.D T.P P.D D.D T.P P.D D.D M L M L M L M L M L M L Auditory (%)
Table 3: Performance of typical children, children with global developmental delay (GDD) and children with epilepsy and global developmental delay in quadrants
Between typical children and children with global developmental there was significant difference observed in the auditory, tactile and oral sensory processing sections. Scored obtained by children with epilepsy were significantly different from those of typical children in all the sensory processing sections. Between children with epilepsy and children with global developmental significant difference was observed in the visual, tactile, vestibular and oral sensory processing sections as listed in Table 4 . 
Discussion
In this study 60 typical children, 30 children with global developmental delay, and 30 children with epilepsy and global developmental delay participated and their score on infant toddler sensory profile was obtained. This study assessed the difference in the performance of typical children, children with global developmental delay (GDD) & children with epilepsy on sensory processing sections(general processing, auditory processing, visual processing, tactile processing, vestibular processing, and oral sensory processing) of sensory profile.
Result from this study demonstrated significant difference in the performance of typical children, children with global development delay and children with epilepsy on infant toddler sensory profile. It also supported the hypothesis that sensory profile is useful in discriminating behavior of typical children with children with epilepsy and children with global developmental delay.
In this study, children with typical development differed significantly from children with global developmental delay and epilepsy in all sensory processing sections. High proportion of children with epilepsy (more than 25%) demonstrated definite difference in auditory processing section than the other two groups. Children with global developmental delay also exhibited definite difference in the same but in less proportion when compared to children with epilepsy. More than 20% children with epilepsy showed definite difference in visual processing section where as the other groups exhibited typical performance. In tactile processing section 10% of children with epilepsy demonstrated definite difference. When comparing the performance of the three groups on vestibular processing section, more than 30% of children with epilepsy showed definite difference whereas, in oral processing section 6% children showed definite difference when compared with the other groups. Only 3% children with GDD showed definite difference in vestibular and oral processing section, which was half of the group in epilepsy. Results show significant differences between the three groups on all the sensory processing sections of the sensory profile. However, higher percentage of children with epilepsy showed definite difference than children with global developmental delay.
On further analysis of the data based on the four quadrants of the sensory profile namely: slow registration, sensation seeking, sensory sensitivity and sensation avoiding, high percentage of children with epilepsy showed definite difference in all the four quadrants. 30% children with global developmental delay and 50% children with epilepsy demonstrated definite difference on quadrant one of sensory profile indicating low registration as compared to the typical children. On quadrant two, all the groups demonstrated definite difference but the percentage was higher in children with epilepsy indicating sensory seeking behavior.
Sensory processing patterns of typical children differed distinctly with those of children with epilepsy. On more than 50% of the item (Table no. 6) of the sensory profile children with epilepsy had more representation than children with typical development and children with global developmental delay. It is interesting to note that items exhibited by children with epilepsy were uncommon for typical children.
It may be noted that the sensory profile obtains the sensory responsivity patterns in six sections namely, general processing, auditory processing, visual processing, tactile processing, vestibular processing and oral sensory processing. However, the norms are not provided for the general processing category.
When analyzing the performance of items in each sections, seven items (item no 4, 5, 7, 9, 10, 11, 13) 
Limitations
A convenience cross sectional sample was used in this study and therefore may not represent the entire population of children with epilepsy.
Recommendations
Since sensory problems are found to be common in children with epilepsy further research is needed to clearly define the patterns of sensory responsivity in children with epilepsy and to investigate the relationship of these patterns to the occupational performance of children with epilepsy.
Conclusion
The sensory issues seem to be more common in children with epilepsy and their responses vary from hyposensitivity to hypersensitivity. The study outcome emphasizes the need for assessment of sensory systems followed by early intervention with mothers' active participation. Sensory issues experienced by children with epilepsy are much more common than found to be. Defects in sensory processing and integration might be responsible for behavioral problems that occur in children with epilepsy. It also gives expression to give caution to some items, as they are common in the three groups. The reason of this disorder could be related to neurological immaturity as seen in children with epilepsy. 
